Introduction: Our objective was to develop a photographic setup that would simultaneously capture subjects' smiles from 3 views, both statically and dynamically, and develop a software to crop the produced video clip and slice the frames to study the smile at different stages. Methods: Facial images were made of 96 subjects, aged 18 to 28 years, in natural head position using a standardized setup of 3 digital single lens reflex cameras, with a reference sticker (10 3 10 mm) on the forehead of each subject. To test the reproducibility of the setup, 1 operator took 3 images of all subjects on the same day and on 3 different days in a subset of 26 subjects. Results: For the same-day observations, correlation coefficients varied between 0.87 and 0.93. For the observations on 3 different days, correlation coefficients were also high. The duplicate measurement error and the mean difference between measurements were small and not significant, pointing to good reliability. 
L ip-tooth relationship at rest and during function must be dealt with when designing the optimal treatment plan for a patient. The orthodontist and the maxillofacial surgeon need to diagnose which components of a smile need improvement or enhancement by the treatment or should be maintained in their present form after treatment. 1, 2 Smile documentation can be either static or dynamic. It could also be taken by direct biometric measurements on the patients' face. However, static records are simply not adequate to analyze a dynamic process such as a smile. Sarver and Ackerman 1 and Ackerman et al [3] [4] [5] used a computer software program for measuring smile line height and tooth display. At first, digitized smiling photographs from orthodontic records were measured. Later, they described a technique for dynamic smile analysis using a video camera. 1 The captured video frames were saved as pictures using screen-shot software and analyzed using custom software called "smile mesh." Others have described a technique of digitizing S-VHS video into 640 3 480 pixel arrays with 24-bit color resolution from 1 frame before smile onset (start of the smile) until smile offset (end of the smile). 6 These techniques, though accepted and used, however, have the innate drawback that standardization of the magnification is not possible. Moreover, ear rods were used for standardization of the head position; again, this is not a favorable position to elicit a spontaneous smile in patients. These techniques also require a separate elaborate videography setup as inventory in addition to the cameras used for static records.
A suitable and reproducible procedure for recording smile dynamics with proper standardization in terms of magnification and head position, capturing the standard full-face, three quarter, and profile views simultaneously, is a necessity to help clinicians to examine the patients' smiles properly. The introduction of high-definition video capture in digital single lens reflex cameras has opened new horizons for standardized videography.
We developed a method to standardize digital videography that allows the clinician to capture a smile with the help of an electrically operated camera stand. Our aim was to present the camera setup and software system that uses a digital single lens reflex camera that not only captures static pictures but also has short video capture capabilities for standardized highdefinition videos that are helpful for smile analysis.
MATERIAL AND METHODS
The study population consisted of 96 dental students (48 women, 48 men). Inclusion criteria were age 18 to 28 years, no orthodontic treatment, and full complement of teeth. Subjects with developmental anomalies, gross facial asymmetry, excessive dental attrition, lip irregularities, and history of lip surgery were excluded. The study was approved by the institutional review board of the Yenepoya University, Deralakatte, Mangalore, India. All subjects signed informed consents before the study.
Facial photographs of each subject were made using a standardized setup. The camera stand had a sturdy base anchored in a fixed position with 3 fixed arms; the end of each arm supported a digital single lens reflex camera (Fig 1) . The side arms that were at 90 to each other were 8 feet in length. The middle arm bisected the longer arms at 45
, and the length was 3.3 feet, measured from the corner, thus making the 3 cameras equidistant from the subject. The cameras were made to work together when the patient begins to smile, and the entire process was recorded in frontal, lateral, and three-quarter angles.
The patient was seated in a fixed position so that the distance from the cameras to the subject was the same (8 feet). A laser marker with crosshair lines mounted on a horseshoe attachment helped to position the head in natural head position.
The stand could be raised or lowered remotely until the vertical laser mark coincided with the facial midline and the horizontal laser mark coincided with the alatragus line. Care must be taken for the laser marker not to be directed to the eyes. A mirror placed in front of the patient when the patient is sitting upright and asking him or her to look into it may also be used when orienting the patient in natural head position.
A Nikon D 3300 camera (Nikon India, Haryana, India) was used to record the dynamic video. At present, almost all single lens reflex cameras have high-definition video capture; these include Canon EOS Rebel T5, Canon EOS 5 D MARK III, Canon EOS 6D, Nikon D3200, Nikon D5300, Nikon D 810, Sony A772, and others. Most of these cameras provide a frame capture of 24 to 30 frames per second at a resolution of 1280 3 720 pixels. It is recommended to use the focus on manual mode. We recommend the use of a 105-mm macro lens for both static and dynamic records. Since normal flash cannot be used for videography, a continuous source of reflected, ambient light with 3 metal halide light sources was used to illuminate the photography room.
Each patient was instructed to keep the face relaxed and not to smile initially, looking forward as if looking in a mirror. The jaws and the lips should be kept loosely together. Spectacles if worn were removed. The operator explained the 2 basic types of smile to the patient, and then the patient was asked to replicate a social smile as a practice. In some cases, we had to use a remote trigger that could be activated while we were in casual conversation with the patient to capture the enjoyment smile or the genuine smile, as we called it, without the patient being conscious of it.
Custom software (MAKHTER Facial Analysis Software; patent pending) was used for splitting the captured video. The software enabled us to capture images and frames of different stages of the smile. The software can capture frame shots with a 0.01-second interval (Fig 2) . These captured frames can be used for printing high-resolution images.
A reference sticker of 10 3 10 mm was placed on the forehead of each subject when the images were recorded. To test the reproducibility of the photographic setup, 1 operator took 3 images of all subjects at 3 different times on the same day. Then the procedure was repeated by the same operator over 3 different days in a subset of 26 subjects (13 women, 13 men). The radius of the iris and the interpupillary distance were measured and compared with earlier recorded images by using MATLAB software (MathWorks, Natick, Mass).
Statistical analysis
The statistical analysis was performed with SPSS software (version 22; Armonk, NY). The reliability coefficients between 2 measurements were calculated as Pearson correlation coefficients. Paired sample t tests were applied to identify systematic differences between the measurements. The duplicate measurement error was calculated as the standard deviation of the difference between 2 observations divided by O2. Additionally, Bland-Altman plots 7 were made for each variable.
RESULTS
The Table shows the results of the reliability test. For the 3 observations on the same day, the correlation coefficients varied between 0.868 and 0.930, showing a high correlation between the observations. There was a significant difference between the measurements for the iris radius, but the difference was small (À0.06 mm) and clinically irrelevant.
For the observations on 3 different days, the correlation coefficients were also high. The duplicate measurement error and the differences between the measurements were small, and the P values were high, pointing to good reliability of the procedure.
The Bland-Altman plots 7 (Fig 3) illustrate good reliability.
DISCUSSION
We have presented a system for dynamic capturing of the smile by using multidirectional, remote-controlled, synchronously moving camera holding arms that hold digital single lens reflex cameras with high-definition video capture for application in daily practice. This system has the big advantage that the cameras can be used for both static and dynamic records in a standardized manner in terms of magnification and orientation of head position. This is efficient and cost effective. Unlike in other systems, the use of a digital single lens reflex camera with a macro lens enables us to view the subject accurately, and its automated focusing system easily can aid in better capturing of the patient's smile characteristics. The high-resolution video clips are captured with standardized magnification because the lens can be set to a specific magnification. The pixel resolution is 720 3 1080 compared with 640 3 480 pixel resolution of earlier systems. Depth of field can be previewed, and smaller apertures can be used for better depth of field. Distortion is minimized when using a macro lens with a digital single lens reflex camera. The orientation of the camera in the horizontal and vertical planes is facilitated by using the built-in grid. Various video editing software packages can be used, but we used custom-made software for splitting the captured video, because it generates high-resolution images from the video clip that allows for a printout. This software can capture frame shots at every 0.01 second, if required. Using a screen capture tool, although simpler, will decrease the resolution (only 72 dpi) that can be achieved for each captured frame.
The technique presented here is a 2-dimensional video capturing technique. Schabel et al 8 tested whether a subject's smile captured by clinical photography is comparable with that obtained from a digital video clip. Their findings showed that these images are comparable, but they also concluded that "regardless of whether static or dynamic records are used to capture the smile, the resultant image is only as good as the clinician's ability to capture the smile accurately."
At present, there is great interest in 3-dimensional (3D) capture of the human face. However, standardized dynamic 3D video capture and a measuring system are still in the experimental phases.
9-12 Such a dynamic 3D video capture requires an expensive inventory, and it captures fewer frames per second and produces video images with lower resolution than the method described here. Furthermore, the huge amount of data produced by 3D video imaging needs high-end computer equipment for processing.
CONCLUSIONS
A new technique to capture standardized highdefinition video and still images simultaneously from 3 positions has been described; it is practical, effective, and easy to learn and implement in the orthodontic practice.
